Butyrate slows the growth of cancer cells cultured in vitro. To determine the relevance of the fermentative production of butyrate in vivo, colonic butyrate concentrations were manipulated by feeding different dietary fibres and were related to tumour development in the rat dimethylhydrazine model of large bowel cancer. It has previously been shown that guar gum and oat bran, while highly fermentable, are associated with low butyrate levels in the distal colon, while wheat bran causes significantly higher concentrations. Diets containing these fibres (nominally 10% w:w) were administered for 3 weeks before, for 10 weeks during, and for 20 weeks after dimethylhydrazine administration, after which animals were killed and examined for tumours. Significantly fewer tumours were seen in the rats fed wheat bran compared with those fed guar or oat bran, and the total tumour mass was lowest in rats fed wheat bran. Rats on a 'no added fibre diet' had an intermediate tumour mass. Regression analysis, performed regardless of dietary group, showed that the concentration in stools of butyrate but not of acetate or stool volume, correlated significantly (and negatively) with tumour mass. These findings indicate that fibre which is associated with high butyrate concentrations in the distal large bowel is protective against large bowel cancer, while soluble fibres that do not raise distal butyrate concentrations, are not protective. Thus, butyrate production in vivo does bear a significant relationship to suppression of tumour formation.
Many epidemiological and experimental studies have suggested that dietary fibre can protect against the development of large bowel cancer. The mechanisms by which fibres achieve this protection remain speculative. However, it is known that ingestion of fibre has a number of effects on intestinal physiology and on the large bowel luminal environment, any of which might mediate the protective effect. Fibre increases the intestinal transit rate' 2 and bulk and so dilutes constituents,3 modifies the intestinal microflora and so might alter bile salt and carcinogen metabolism,4 adsorbs carcinogens and mutagens,5 modifies faecal bile salt excretion,6 lowers the colonic pH and increases colonic and faecal short chain fatty acid (SCFA) concentrations. 7 The relative importance of these effects is uncertain. Because fibre is heterogeneous, it is also probable that different types act by different mechanisms.
One property which varies between fibres is fermentability. Fibre Table  IIIfor relative amounts of the SCFAs. While the rate of production of SCFAs might not be accurately reflected in SCFA concentrations in luminal contents, the data confirm the earlier observation'3 that fermentation of wheat bran continues in the distal colon, while fermentation of oat bran and guar gum does not.
Cancers are known to be more common in the distal large bowel2425 and rarely occur in the caecum in the rat dimethylhydrazine model. We therefore reasoned that if butyrate were an important protective substance, diets that raised distal colonic or faecal butyrate ought to be more protective than those which did not. In the present study, two types of findings confirmed this. If the results are considered in terms of dietary group, wheat bran fed rats had the lowest tumour number and mass and did not have the falling caeco-faecal gradient in butyrate concentration seen with the other diets. Admittedly, rats in the 'no added fibre' (or basic) group had low butyrate concentrations and a relatively low tumour occurence rate, but when fermentation and tumour mass were related using regression analysis (which uses data from each rat regardless of diet) there was a significant (and negative) relationship with the butyrate concentration. Interestingly, propionate was a significant covariate -but in the opposite direction. This is consistent with the observation that wheat bran gave the highest molar ratios (deducible from Fig  2) for faecal butyrate -that is butyrate rose but propionate fell. Combining these observations with the evidence for a direct suppressing action of butyrate on colon cancer cell proliferation in vitro,9 '0 it seems likely that butyrate itself suppresses tumour growth rather than some other undefined phenomenon associated with fermentative production of butyrate.
Fibres vary in their fermentability. While fibres in the diet are not chemically pure -for example, wheat bran consists of cellulose, hemicellulose, and lignins26-dietary fibres can be broadly classified according to their fermentability. Fibres in the highly fermentable group include guar gum (almost pure galactomannan) and pectin; these are soluble fibres that are well fermented in the rat intestine.'4" Oat bran is considered to be well fermented in the rat; it is fairly rich in beta-glucan and poor in cellulose and lignin and has a poor bulking effect in the rat compared with poorly fermented fibres such as wheat bran.'7 827 The slowly fermentable group includes most wheat brans and the poorly fermentable group includes the purified celluloses (especially ofwood origin) and lignin. 14 Butyrate is an important energy source for normal colonocytes2' as it is metabolised in preference to glucose and other substrates. It is of particular interest as it brings about a concentration-dependent slowing of the rate of cancer cell proliferation in vitro,9" at concentrations consistent with those encountered in the colon. azoxymethane, but none has attempted to measure concurrently variables related to fermentation in the distal luminal environment in an attempt to explain why certain fibres are protective. Most of these studies have been summarised in two reviews.""8 What has been apparent is that highly fermentable fibres are less protective than less fermentable fibres. Our study confirms this generalisation and suggests a mechanism responsible for the effect, namely that less well fermented fibres result in coninued production of butyrate along the length of the large bowel. Rapidly fermented fibres could be completely broken down, leaving no substrate for fermentation in the distal colon. Alternatively, the more rapid transit of wheat bran compared with oat bran in the rat colon'6" 1 might explain the difference in luminal butyrate levels.
The results in the animal model seem likely to be relevant to humans. There are parallels in the effect of dietary fibre; for instance, wheat bran when consumed throughout the initiation and promotion phases suppresses 1 ,2-dimethylhydrazine induced tumourigenesis and suppresses adenoma recurrence when given to patients with familial adenomatous polyposis. 33 Also, the generalisation that insoluble grain fibre is more protective than soluble fibre in the rat model is confirmed by a detailed case-control study in humans where fibre type was carefully documented.34 As pointed out in the methods section, the amount of fibre fed to the rats approximates the upper level of consumption in a British population.
Of the other luminal variables considered, neither pH, acetate, faecal bulk, nor consistency seemed related to risk of developing tumours. Guar and wheat bran produced the largest stools, yet tumour frequency and bulk were quite different for the two fibres. This argues against fibre having a protective role simply by dilution of luminal carcinogens, although the present study does not take into account the differences in faecal water content encountered with these fibres. 7 This study shows that a dietary fibre which maintains butyrate concentrations along the large bowel can reduce tumour mass. The presence of fermentable fibre in the distal colon and the resultant production of butyrate in that region seems of great significance than the production of other SCFAs, pH, stool bulk, or stool consistency. Butyrate has the potential to modulate gene expression directly,35 and its production at the site of tumour formation may be a significant protective mechanism for certain dietary fibres.
